Abstract Receiving care at multiple clinics may compromise the therapeutic patient-provider alliance and adversely affect the treatment of people living with HIV. We evaluated 12,759 HIV-infected adults in Philadelphia, PA between 2008 and 2010 to determine the effects of using multiple clinics for primary HIV care. Using generalized estimating equations with logistic regression, we examined the relationship between receiving care at multiple clinics (C1 visit to two or more clinics during a calendar year) and two outcomes: (1) use of ART and (2) HIV viral load B200 copies/mL for patients on ART. Overall, 986 patients (8 %) received care at multiple clinics. The likelihood of attending multiple clinics was greater for younger patients, women, blacks, persons with public insurance, and for individuals in their first year of care. Adjusting for sociodemographic factors, patients receiving care at multiple clinics were less likely to use ART (AOR = 0.62, 95 % CI 0.55-0.71) and achieve HIV viral suppression (AOR = 0.78, 95 % CI 0.66-0.94) than individuals using one clinic. Qualitative data are needed to understand the reasons for visiting multiple clinics.
Introduction
Continuity of care, or developing a sustained patient-provider partnership to cooperatively manage a patient's health, is a fundamental aspect of primary care [1] [2] [3] . Data indicate that continuity is valued by both patients and providers, and is associated with improved outcomes, decreased emergency care utilization, and higher patient satisfaction [4] [5] [6] [7] . Individuals with chronic conditions, such as HIV infection, public insurance, and at the ends of the age spectrum appear to value provider continuity more than their counterparts [1] .
For people living with HIV infection (PLWH), maintaining a continuous relationship with a provider is associated with receiving antiretroviral therapy (ART), fewer HIVrelated complications, and lower risk of HIV transmission to others [8] [9] [10] [11] [12] [13] [14] . The Centers for Disease Control and Prevention (CDC) estimate that only 77 % of PLWH successfully link to care after diagnosis and less than 75 % of those remain in continuous care [15] [16] [17] . Data on how patients participate in outpatient care is needed to improve linkage rates and retention in care.
Most prior studies have compared patients consistently engaged in care to those without a regular source of care [10, 13, 15, 18, 19] . However, patients can continuously participate in care either by seeking care at a single clinic or by moving between clinics as needed or desired. Receiving care at multiple clinics may adversely affect the treatment of PLWH; increasing unnecessary testing and contributing to higher healthcare costs [5, 20, 21] . In addition, lack of coordination among providers or inconsistent advice from different sources may lead to medication errors, drug toxicity, and compromise the therapeutic patient-provider alliance [22] [23] [24] [25] . To our knowledge, no data on patients receiving care at multiple clinics has been reported. Therefore, we aimed to determine the effect of using multiple sites of care on clinical HIV outcomes in a large urban area.
Methods

Study Design and Participants
We conducted a retrospective cohort study of HIV-infected adults in care at Ryan White Program funded clinics in Philadelphia, PA between 2008 and 2010. Twenty-six HIV clinics treat adults and receive Ryan White funding, representing approximately 71 % of all PLWH in care in Philadelphia (unpublished data, City of Philadelphia Department of Public Health). All HIV-infected adults (age C18 years) engaged in care, defined by having at least two primary HIV visit and one CD4 test in a calendar year, between January 1, 2008 and December 31, 2010 were eligible for inclusion.
Data Collection
Data were extracted from CAREWare, a Health Resources and Services Administration (HRSA) recommended data management system containing demographic, laboratory, pharmacy, and health service utilization information for all patients seen at Philadelphia Ryan White Program funded clinics. Clinics abstract patient-level information from medical records of all patients in care, not only those covered under the Ryan White Program. After quality control and verification, data are sent to the City of Philadelphia Department of Public Health and combined across clinics to produce a uniform database. Each patient in the database has a unique identifier, independent of personal information or site of care, to allow monitoring even when care is provided at multiple sites. Periodic chart reviews and site visits are undertaken to verify the accuracy and completeness of data abstraction and entry. The study was approved by the Institutional Review Boards of the University of Pennsylvania and the City of Philadelphia Department of Public Health.
Sociodemographic and Clinical Variables
For each year of observation, patients' age as of January 1 was divided into four groups: 18-29, 30-39, 40-49, and over 50 years old. Race/ethnicity was categorized as nonHispanic white, non-Hispanic black, Hispanic, and other/ unknown. Self-reported HIV transmission behavior was grouped into heterosexual, men who had sex with men (MSM), injection drug use (IDU), and other/unknown. Patients who had IDU in combination with another risk factor (e.g. MSM, heterosexual transmission) were classified as IDU. Insurance coverage in each year was categorized as private, Medicaid, Medicare, uninsured, or other/unknown. Patients whose care was funded by Ryan White were considered to be uninsured. Annual household income was divided into \$10,000, $10,000-$19,999, $20,000-$49,999 and C$50,000 according to CDC classifications [26] . Median CD4 cell count in each year was grouped as B350 or [350 cells/mm 3 based on differential indications for starting ART [27] . Patients in their first year of care were distinguished from those already engaged in care as outcomes vary between the first and later years in care [16, 28, 29] .
Primary HIV visit data, including number of completed visits and site of care, were collected on an individual basis over each calendar period. Primary HIV visits were defined according to HRSA criteria: a visit to an outpatient provider with prescribing privileges (not include nurses, pharmacists, social workers, or other support services providers) in an HIV care setting [30] . The number of visits for primary HIV care in each year was categorized as 2, 3, 4, 5, 6, 7 or C8.
Main Exposure Variable
Patients were classified as receiving care at multiple clinics if they completed at least one primary HIV visit to two or more clinics in a calendar year; individuals could be classified as receiving care at multiple clinics in 1 year and classified as receiving care at a single clinic in another year. Three clinic utilization patterns were determined for patients attending multiple clinics: (1) one-time visit to a second clinic; (2) transfers (changes) in care; and (3) alternating visits between multiple clinics. The principal clinic was defined as the clinic visited most frequently. For patients with an equal number of visits to multiple clinics, the principal clinic was classified as the last clinic visited in the year.
Outcome Variables
Outcomes of interest were use of ART and HIV suppression in the calendar year. Patients were considered to be on ART if they received three antiretroviral drugs (excluding ritonavir) at the last outpatient visit in each calendar year. HIV suppression for patients receiving ART was classified as last annual HIV viral load B200 copies/mL.
Statistical Analyses
The patient-year was the unit of analysis. Each patient could contribute one observation per calendar year. For each calendar year, data for only those patients meeting the inclusion criteria (at least two primary HIV visit and one CD4 test) were included. Thus, the number of patient-years was not constant across patients. We excluded 2,817 patient-years in which individuals had only one primary HIV visit in a calendar year, since these individuals were ineligible to experience the main exposure of visiting multiple HIV clinics in the same calendar year. In addition, we excluded an additional 305 patient-years in which individuals died, as they did not provide adequate time to measure use of ART or viral suppression. After excluding these patient-years, 14 % of the sample contributed 1 year of data; 29 % contributed 2 years; and 57 % contributed 3 years.
Statistical comparisons of demographic and clinical characteristics of the sample across calendar years were made using the v 2 test for trend. We assessed the relation between number of patients using multiple clinics and calendar year using the v 2 test of independence. The Mann-Whitney test was used to compare the number of visits to the principal clinic (ordinal variable with nonnormal distribution) and number of clinics attended in a year. Multivariate logistic regression examined demographic (age, sex, race/ethnicity, HIV transmission behavior, insurance coverage, annual household income) and clinical factors (median CD4 cell count, first year in care) associated with attending more than one HIV clinic a year, adjusting for the number of primary HIV visits and calendar year. For those attending multiple clinics, we used the v 2 test of independence to identify difference in patient demographic and clinical characteristics across the three clinic utilization patterns.
Multivariate logistic regression assessed the relationship between receiving care at multiple HIV clinics and two clinical HIV outcomes: (1) use of ART and (2) HIV viral suppression for patients receiving ART. In secondary analyses, we evaluated use of ART for only patients recommended to receive ART (CD4 cell count B350 cells/ mm 3 ). The variables considered for both use of ART and HIV viral suppression were age, sex, race/ethnicity, HIV transmission behavior, insurance coverage, annual household income, first year in care, median CD4 cell count, number of primary HIV visits, and calendar year.
Analyses were designed to ensure that the main exposure variable preceded the outcome of interest. Receipt of ART was assessed at the last outpatient visit in each calendar year. Consequently, all primary HIV visits occurred before or at the time of ART measurement. HIV viral suppression was assessed at the last annual HIV viral load test. We identified 75 patients, contributing 78 patientyears, who had a visit to a second clinic after their last HIV viral load test in the year. Since the exposure of receiving care at multiple clinics occurred after the outcome of HIV viral suppression for these patient-years, we removed them from the HIV viral suppression analysis. In addition, we excluded 338 patient-years with missing viral load data from the HIV viral suppression analysis: 318 patient-years (1.25 %) of persons attending one clinic and 20 patientyears (1.74 %) of those using multiple clinics in a year.
Because patients contributed data in multiple years, we used generalized estimating equations, clustered on patient, with exchangeable working correlation and robust standard errors to address the correlation across years for individual patients. Two-sided testing was used, with a P value of \0.05 considered significant. Analyses were conducted using STATA 12.1 (College Station, TX).
Results
Between 2008 and 2010, 12,759 HIV-infected patients were followed for a total of 26,574 patient-years (Table 1) . Yearly sample size increased from 7,461 patients in 2008 to 9,960 patients in 2010. The percentage of patients who were 50 or older increased over time (from 28 to 34 %; P \ 0.01), as did the percentage of males (from 64 to 66 %; P \ 0.01). The proportion of blacks decreased but remained higher than whites and Hispanics (P \ 0.01). Similarly, the proportion of patients with heterosexual and IDU transmission risk decreased from 49 to 46 % (P \ 0.01) and 18-16 % (P \ 0.01), respectively. There was an increase in patients with private insurance (from 16 to 19 %; P \ 0.01), with a corresponding decrease in those with Medicaid (from 67 to 64 %; P \ 0.01). The proportion of study participants in their first year of care decreased (from 18 to 13 %; P \ 0.01). Use of ART increased (from 80 to 84 %; P \ 0.01), with the percentage 28 , P = 0.04). This resulted in a total of 1,149 patient-years with attendance at more than one HIV clinic in a year; 49 % of these patient-years were a one-time visit to a second clinic, 36 % were transfers in care, and 15 % represented a pattern of alternating visits between multiple clinics. Of the 422 patient-years where transfers in care occurred, 33 (8 %) represented a transition from a pediatric/adolescent to an adult HIV clinic. Patients with an alternating clinic utilization pattern were significantly more likely to have IDU as an HIV risk factor, had a greater number of primary HIV visits per year, and were less often new to care (i.e. in their first year of care), compared to those with other clinic utilization patterns. In addition, although they more commonly received ART, they were less likely to achieve viral suppression ( Table 2) . Figure 1 presents the relationship between the number of clinics attended and the number of visits made to each clinic in a year. Among PLWH attending multiple clinics, 96 % had visits to two clinics, 4 % had visits to three clinics, and less than 1 % had visits to 4-6 clinics. Patients who used two clinics in the year had a similar number of visits to their principal clinic as those who attended only one clinic in a year (median 5 vs. 5 visits, respectively, P = 0.47, MannWhitney test). Similarly, patients using three clinics were equally likely to visit their principal clinic as those who attended only one clinic in a year (median 4 vs. 5 visits, respectively, P = 0.52, Mann-Whitney test).
We examined repeat use of multiple clinics during the study period. (Table 3) .
Over the study period, 69 % of patients seeking care at multiple clinics received ART, with 68 % suppressing HIV viral load B200 copies/mL. Comparably, 83 % of patients in care at a single clinic were on ART, with 78 % achieving virologic suppression. Table 4 Tables 5, 6 ). In a secondary analysis restricted to only PLWH with a strong indication to receive therapy (CD4 cell count B350 cells/mm 3 ), the likelihood of using ART continued to be lower for patients attending multiple clinics (AOR = 0.40, 95 % CI 0.32-0.51).
Discussion
In this study of HIV-infected adults seeking care at multiple clinics, 8 % of patients attended more than one clinic between 2008 and 2010. While this represents a minority of patients, this group is of particular interest to HIV providers and public health officials. For providers, it is critical to document care received at other locations, as this can lead to ART medication errors and unrecognized drugdrug interactions, resulting in harmful side effects and development of drug resistance [31, 32] . On the public health level, receiving care at multiple clinics can lead to duplicative and unnecessary services, resulting in higher health care costs [33] [34] [35] [36] [37] . In addition, attending multiple clinics impacts how public health departments track and monitor the care of PLWH. Current measures of retention in care are based solely on primary HIV visits and do not distinguish visits completed at different clinic [15, 16] . As such, a patient may have one visit to two separate clinics in a 12-month period and be considered ''retained in care'' by national standards. Our observation that approximately one in ten PLWH receives care at multiple clinics should serve as the basis for a large discussion on how best to assess continuity and retention in care-two related, but distinct processes.
Patients seen at multiple sites primarily made a one-time visit to a second clinic (47 %), with fewer patients changing sites of care (36 %) or alternating between multiple clinics (15 %). Yet, this pattern of multiple clinic use continued year to year for one-fifth of patients and was significantly associated with lower use of ART and lack of virologic suppression. There are several possible explanations for these findings. Comorbidity, difficulty accepting HIV diagnosis and coping with stigma, the need to access clinical and social services unavailable at their primary clinic, and searching for patient-provider concordance may be reasons for patients visiting multiple clinics, while lack of provider continuity, difficulty managing HIV and other comorbid diseases, and conspiracy beliefs regarding medical recommendations may contribute to worse outcomes. Prior studies have described an association between comorbidity and outpatient utilization [38] [39] [40] [41] . Among 13,806 adults with chronic conditions, patients with three or more comorbid diseases were more likely to use outpatient services compared to those with a single chronic disease [38] . Data on comorbid diseases were not consistently collected from all sites in our study; as such, we were unable to investigate the impact of comorbidity on primary HIV care utilization. Future studies should evaluate how mental illness, substance abuse, and other comorbid conditions influence use of multiple clinics. Denial of HIV diagnosis, belief that one is too healthy, and inability to cope with HIV stigma and disclosure may also lead to use of multiple clinics, particularly for younger patients and those in their first year of care [42, 43] .
Patients may deliberately visit multiple sites of care to access clinical and social services unavailable onsite at their primary clinic. This can include treatment for hepatitis C virus (HCV) infection and opioid dependence, as well as nutrition counseling, food services, housing and transportation assistance, and medical case management [44] . Individuals with Medicaid and Medicare, who may use certain social services more frequently than those with private insurance, were more likely to visit multiple clinics in our cohort. The patient-centered medical home model, which seeks to provide high-quality, comprehensive, patient centered care that is both accessible and coordinated, may help reduce the use of multiple sites of care [45] .
In addition, searching for patient-provider concordance may lead to individuals attending multiple clinics. Patientprovider concordance, defined as shared identities (e.g. gender, social class, race, ethnicity, language, sexual orientation, beliefs about health and illness) between patients and providers, is associated with increased patient satisfaction and improved health outcomes [46] [47] [48] . Among 1,241 adults receiving HIV care from 287 providers, racial concordance between patients and providers resulted in earlier receipt of ART [48] . Similarly, high levels of patient-provider concordance in HIV treatment decisionmaking was associated with greater adherence to therapy, improved quality of life, and higher CD4 counts [47] . Searching for providers more like them may partly explain why blacks, women, and those in their first year of care were more likely to visit multiple clinics compared to their counterparts.
Lastly, visiting multiple clinics may be a marker of dissatisfaction with the clinic, provider and health system distrust, and doctor shopping (visiting multiple providers to obtain opioid prescriptions) [49] [50] [51] [52] . However, most patients using multiple sites of care only made a one-time visit to a second clinic and less than 3 % of the total sample switched primary clinics. These results suggest that dissatisfaction with the clinic, provider and health system distrust, and doctor shopping were not the primary drivers of clinic utilization.
In our cohort, patients who used more than one clinic had a similar number of visits to their principal clinic as those receiving care at a single site. This observation identifies a group of patients who are high users of health care ('superutilizers'). Prior studies have documented that super-utilizers have less social supports, greater numbers of medical and psychological diseases, and lower self-perceived health status than regular users of care [53] [54] [55] [56] . In addition, this group is more likely to be unemployed and/or on disability [55, 57] . Providers should be aware that regular receipt of care at one site does not preclude the use of care services at other locations, and that use of multiple care sites may be a marker of other conditions. Asking patients where else they receive their health care maybe a simple screening tool that providers can use to identify this population.
Lack of provider continuity may contribute to worse outcomes for patients using multiple HIV clinics [4] [5] [6] [7] . In a double-blinded randomized trial evaluating the impact of outpatient provider continuity on patient satisfaction and health service utilization, patients randomized to the discontinuity group (i.e. had follow-up visits scheduled with differing providers in the same health system) were more likely to be admitted to the hospital, had longer length of stays, and were less satisfied with their medical care [6] . Gaps in healthcare continuity may be particularly important for patients switching providers and those who alternate between multiple clinics. Patients' ability to self-care and manage their HIV infection and other comorbid diseases is critical for medication adherence, implementation of healthy lifestyle behaviors, and ongoing problem-solving to overcome potential barriers to care [58] [59] [60] [61] . Variations in self-management may have contributed to differences in use of ART and virologic suppression for patients using multiple sites of care compared to those attending a single clinic. Moreover, patients attending multiple clinics may be more suspicious of the healthcare system and HIV care in general than patients with one provider. These beliefs may negatively influence their acceptance of ART and treatment adherence [62, 63] .
The current analysis has several limitations. First, as a retrospective cohort study, we were unable to interview patients on the reasons for visiting multiple HIV clinics. Second, this study involved patients receiving care at urban clinics in Philadelphia, potentially limiting the generalizability of results to rural or suburban settings. Third, it is possible that patients received care at clinics outside of the Philadelphia Ryan White system. As such, the proportion of patients utilizing multiple HIV clinics may be higher than reported. Lastly, this study did not collect data on potentially relevant factors that may influence the use of multiple HIV clinics, including number of comorbid diseases, prescription of opioids, and type of clinical and social services used by patients. Future studies should investigate how these factors influence utilization of multiple HIV clinics. This study reports outcome for patients using multiple clinics for primary HIV care. Overall, 8 % of patients used more than one HIV clinic; these individuals were significantly less likely to use ART and to achieve virologic suppression. Qualitative data are needed to better understand the reasons for visiting multiple HIV clinics. Patients attending multiple clinics were equally likely to visit their principle clinic. Providers and clinic administrators should be aware that regular use of outpatient services does not preclude utilization of other sites for care. 
